T he past 18 months have been an extremely difficult period for the country of Haiti -already the poorest country in the western hemisphere (1). In January 2010, Haiti experienced a devastating earthquake, and suffered recent political instability related to a presidential election (2) . In addition, cholera cases emerged in October 2010, with the first cases reported in either the Artibonite or Central department of the country (accounts vary); cholera is not known to have caused an epidemic in Haiti previously. Documented, laboratory-confirmed cases were found in the Artibonite by October 21, 2010 (3-5) , and the epidemic subsequently spread to all of Haiti's administrative departments. At the time of writing the present note, more than 200,000 cases of cholera had been reported in Haiti; 100,000 individuals had been hospitalized with cholera in a country with a population of just over 10 million. Considering only hospitalized cases, we calculated a percapita attack rate of more than 1000 times higher than the severe acute respiratory syndrome epidemic in Canada (6) . Untreated, the disease has a case-fatality rate that may have been in excess of 25% and has been as high as 15% (approximately equivalent to that seen with severe acute respiratory syndrome) in some low-resource settings (7) (8) (9) . Even in the presence of the medical resources available in Haiti, the case-fatality rate has been 2% in both hospitalized and nonhospitalized cases (10) . The reasons for this are unclear: it could be that hospitalization is more reflective of resource availability than disease severity or that more severe cases are hospitalized, but access to resources available in the inpatient setting result in diminished case fatality. Regardless of the reasons for this parity, it is clear that all of these deaths are either directly or indirectly attributable to the inadequate state of water and sewage treatment resources in this country.
Cholera and ConneCtedness
The precise origins of the Haitian cholera epidemic have not been determined, although news reports and local accounts suggest that the disease may have been introduced into the country as a result of poor sewage management practices at a United Nations military encampment. The strain is an O1 El Tor strain, and is genetically most similar to a strain that has been circulating in South Asia since at least 2002 (11) . Importation of cholera is not a new phenomenon: cholera cases are imported into Canada and the United States with some frequency (less than 12 cases per year over the past decade) (12), but the relative wealth of water-and sewage-treatment infrastructure in these countries appears to limit the extent of epidemic spread (13) .
Khan et al (14) recently commented on the importance of global 'connectedness' to disease emergence and spread; this appears to be yet another example of connections promoted by the global movement of people and goods facilitating the establishment of an infectious disease in a region where it had not been previously observed (14) . Thus, the movement of people to and from Haiti -which is partly a function of the country's unstable political and economic situation -combined with limitations in water and sewage infrastructure, set the stage for the cholera epidemic.
Haiti's cholera epidemic 'internationalized' rapidly, with identification of cases in the Dominican Republic and Florida (USA) within one month of the epidemic's start (15, 16) ; more recently, at least one imported case has been identified in Montreal, Quebec (17) .
Travellers visiting the Dominican Republic for a wedding at a resort returned home to Venezuela, Massachusetts (USA) and New York City (USA) with cholera as a result of consumption of lobster, which was presumably contaminated by a cholera-infected food handler (18) . To a certain extent, the spread of cholera in the western hemisphere can be predicted based on travel patterns between Haiti and other countries. Figure 1 shows data provided by Dr Kamran Khan of the BioDiaspora Project (www.biodiaspora.com) at St Michael's Hospital in Toronto, Ontario. It can be seen that importation of cholera has thus far occurred in most countries with high volumes of flights to and from Haiti, although in some of these instances (such as cholera case importations in Venezuela, Massachusetts and New York City), cases were actually linked to the Dominican Republic rather than Haiti.
Spatial patterns in the spread of cholera epidemics have long been linked to travel patterns and commerce. In the early 19th century, when the contagiousness of cholera was hotly disputed, the tendency of cholera epidemics to follow shipping routes was identified by supporters of contagionism as a key piece of evidence supporting their school of thought (19, 20) . Some early 19th century physicians, such as Daniel Drake, rejected cholera's contagiousness on the grounds that attack rates in attending physicians and nurses were too low, but ingeniously postulated that cholera transmission must be, by some factor, transported by ships. He suggested that the agent of cholera was "poisonous, invisible, aerial insects, of the same or similar habits with the gnat", and drew an explicit analogy to 'intermittent fever' (malaria), going so far as to suggest that window screens, recently introduced by Lancisi in Italy for the prevention of malaria, might prevent cholera (20) .
In 1832, cholera made its first documented appearance in North America, imported from Great Britain in ships transporting impoverished Irish immigrants to Quebec City (Quebec). The disease moved rapidly down the St Lawrence River to Montreal, from where it continued along the Great Lakes, with epidemics in Kingston, Ontario, and York (Toronto). At the same time, cholera moved rapidly down Lake Champlain into Vermont (USA) and New York, following the route of the newly completed Erie Canal system to bring cholera to New York City, Philadelphia (USA), and other major hubs on the eastern seaboard (21) . In Toronto, a mass grave of cholera victims from the 1832 epidemic, is located under the park adjacent to The Cathedral Church of St James -a short distance from St Michael's Hospital (22).
ManageMent
The mainstay of cholera management is rehydration and correction of electrolyte imbalances. The cholera toxin is a protein enterotoxin that binds to specific receptors on the intestinal mucosal epithelium, with enhanced production of intracellular cyclic AMP; this in turn results in active pumping of chloride ions into the intestinal lumen, with resultant voluminous watery diarrhea that may rapidly precipitate hypovolemic shock. Passive loss of bicarbonate occurs as well, with resultant metabolic acidosis; loss of potassium ions is associated with neurological and musculoskeletal symptomatology, cramping and cardiac arrhythmias (23, 24) . Vomiting also frequently occurs and may adulT infecTious diseases noTes ©2011 Pulsus Group Inc. All rights reserved interfere with efforts at resuscitation via oral rehydration, as well as use of antimicrobial therapy (24, 25) .
Hypovolemic shock may be accompanied by profound hyponatremia, and correction of electrolyte abnormalities must be judicious due to risk of myelinolysis. Indeed, in the context of the current Haitian epidemic, a cluster of individuals identified at a single care centre with fever, gastrointestinal symptoms and flaccid paralysis was initially feared to represent an incipient polio outbreak, but appears rather to have represented an 'outbreak' of myelinolysis due to rapid correction of hyponatremia, rather than flaccid paralysis associated with an alternative infectious agent (26) . Current guidelines for the management of cholera are available from the WHO (24).
While the mainstay of therapy for cholera is oral or (in severe cases) intravenous rehydration and management of electrolyte imbalances, antimicrobial agents likely do have a role in cholera management, although their precise indication and role in the management of outbreaks remain controversial, even among expert clinicians with extensive experience with this disease (25) . Tetracycline, trimethoprimsulfamethoxazole and erythromycin have all been shown to be superior to placebo (or no antibiotics) in randomized controlled trials evaluating time to cessation of diarrhea in individuals with cholera (27, 28) . Single-dose ciprofloxacin was subsequently shown to be equivalent to multidose erythromycin regimens, and associated with decreased vomiting (29) . More recently, single-dose azithromycin has been shown to be superior to single-dose ciprofloxacin for both clinical and bacteriological cure in both adults and children with cholera (30, 31) . Because of the reduced volume of diarrhea, reduced duration of illness and reduced infectious bacterial load in stools, it is expected that antimicrobial therapy would not only benefit treated individuals, but might favourably affect disease dynamics in an affected community (25) . While current WHO guidelines advocate the use of antimicrobial agents only in individuals with more severe disease, other experts, including those at the International Centre for Diarrhoeal Disease Research, Bangladesh, advocate the use of adjunctive antimicrobials in individuals with less severe disease (5% to 10% dehydration) (25) . Prophylaxis of contacts is not advocated (25) .
An emerging difficulty with antibiotic therapy for cholera is the development of resistance to individual antimicrobials and the emergence of multidrug-resistant strains (25, 32) . Indeed, it may be that the superiority of azithromycin to ciprofloxacin in a recent clinical trial (30) reflected the diminished utility of ciprofloxacin as a result of resistance. Although the Haitian epidemic strain is sensitive to both azithromycin and tetracyclines, it is resistant to sulfa drugs and nalidixic acid (25) , and overly aggressive use of antimicrobial agents may speed the selection of antimicrobial resistant strains, and also favour the emergence of resistance in pathogens that may experience selective pressure incidentally. A variety of mechanisms of antimicrobial resistance have been identified in Vibrio cholerae, and include efflux pumps, chromosomal mutations and mobile genetic elements such as plasmids and SXT elements (32, 33) .
IMMunIzatIon
Only one oral cholera vaccine (Dukoral, sanofi-pasteur, France) is currently readily available, and a second vaccine (Shanchol, Shantha Biologics, India) also appears promising. A Cochrane review (34) of the best available evidence suggests that the efficacy of oral vaccines is approximately 50% for a two-dose vaccine regimen, with the second dose given more than one week and less than six weeks after the first. The duration of effect after initial vaccination is approximately two years, and is three to four years after a booster dose (34) . Disease dynamic theory suggests that herd immunity is achieved when a 'critical fraction' (Pc) of the population is vaccinated, and that fraction for a partially effective vaccine relates to the basic reproductive number of the disease (R 0 , defined as the number of secondary cases of disease produced by a single case in a totally susceptible population) according to the relation (35):
Pc × efficacy > 1-(1/R 0 )
Estimates of R 0 for cholera are highly variable (36, 37) , but most are greater than two, suggesting that even with total immunization of the population herd, immunity is unlikely to be achieved. Immunization is, at best, an adjunct to the key preventive strategy of long-term provision of clean drinking water and sewage treatment.
Although WHO guidelines discourage the use of parenteral cholera vaccines, in part, due to low efficacy (in addition to a high risk of adverse effects) (24), Cochrane reviews (34, 38) suggest that the efficacy of oral and parenteral vaccines are actually quite similar.
Water and InfeCtIous dIsease MortalIty
An important question confronting any observer of the events that have unfolded in Haiti in recent months is why cholera caused the devastation in Haiti when the technological means to control it so readily were available in most countries in the western hemisphere for more than 100 years (as evidenced by the low impact of cholera importations into the United States, Canada and Venezuela)? The answer relates strongly to economics -prevention of cholera requires long-term investment in infrastructure, which is beyond Haiti's means. The issue goes well beyond Haiti: 'neglected' infectious diseases responsible for a large burden of morbidity and mortality occur disproportionately in countries with limited resources for investment in physical infrastructure, particularly water and sewage treatment infrastructure.
Such infrastructure has been a key component of the reduction in infectious disease mortality that has occurred over the past century in infection-related mortality in wealthier countries (39) . Economic historians Joseph Ferrie and Werner Troesken evaluated factors that contributed to the marked increase in life expectancy that occurred at the turn of the 20th century; while pasteurization, immunization and development of antitoxins played important roles, the majority of this transition appears to have been attributable to water filtration and chlorination (40) . While global investment in HIV and tuberculosis research has increased markedly in recent years, diarrheal disease research remains underfunded, relative to the burden of disease caused by diarrhea (41) . In this sense, cholera and other infectious diarrheal diseases may be the most neglected of the 'neglected infectious diseases'. 
